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STATUS REPORT THIRD QUARTER FISCAL YEAR 1967 

U. S. Bureau of Mines NASA Program of Multidisciplinary Research 
Leading to Utilization of Extraterrestrial Resources 

April 1, 1967 

Task title: 
Investigator: 
Location: 

Date begun: 

Personnel: 

Core group activity 
Thornas 6. Atehison, Senior Research Scientist 
Twin Cities Mining Research Center 
Minneapolis-St. Paul, Minnesota 
April 1965 To be completed: Continuing 

Thomas C. Atchison, Supervisory Research Physicist 
David E. Fogelson, Supervisory Research Geophysicist 
Clifford W. Schultz, Research Extractive Metallurgist 
Lowell W. Gibbs, Mining Methods Research Engineer 
Other Bureau personnel, as assigned 

PROGRESS REPORT 

Objective 

To provide the basic scientific and engineering knowledge needed for 
subsequent development of an extraterrestrial mineral resource extrac- 
tion, processing and utilization technology for supporting and enhanc- 
ing the economy of manned lunar and planetary missions. 

Progress During the Third Quarter 

TL lite core g r c q  c o n t i n ~ e d  tc ebta in ,  er72luate, 2nd d i s t r i h i ~ t e  background 
information applicable to the program by literature search and direct 
contact with groups conducting related research. Members of the group 
attended the Fifth Annual Meeting of the Working Group on Extraterres- 
trial Resources (WGER’) at the Marshall Space Flight Center in Huntsville, 
Ala., March 1-3, and the University of Michigan Symposium on Astrogeology 
in Ann Arbor, Mich., March 22-24 .  

While at Marshall we visited Hoyt Weathers and Stanley Fields at the 
Space Sciences Laboratory to discuss their studies of the effect of lunar 
vacuum on powdered rock materials. They are installing a new vacuum sys- 
tem with the same ultimate pressure capability as our systems but with a 
considerably larger chamber and faster pumping speed. There is a good 
possibility that we can work out a cooperative program with them to use 
their chamber for some of our experiments that might require more space 
or faster pumping speeds than our chambers can provide. 

While at Ann Arbor we visited the Bendix Aerospace Systems Division and 
discussed their studies related to the Apollo lunar surface experiments 
package, the post-Apollo lunar surface vehicle, and infrared remote- 
sensing devices. 
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James Gangler,  NASA manager f o r  our  program, has  informed u s  t h a t  t h e  
proposa l  we submitted i n  December for  cont inuing  t h e  work over t he  
next two years  has  been approved and papers  t r a n s f e r r i n g  an  a d d i t i o n a l  
$300,000 t o  t h e  Bureau are being prepared i n  NASA's Of f i ce  of Research 
Cont rac ts .  We discussed wi th  M r .  Gangler t h e  p o s s i b i l i t y  of a d d i t i o n a l  
funding f o r  some of t h e  p re sen t  research  t a s k s  o r  f o r  o the r  t a s k s  t h a t  

a d d i t i o n a l  funds., One involves  a new arrangement whereby a number of 
NASA o f f i c e s  have agreed t o  support  s p e c i f i c  s t u d i e s  r e l a t i n g  t o  the  
use  of  e x t r a t e r r e s t r i a l  resources  upon recommendation of %he WGER. 
Proposa ls  f o r  such s t u d i e s  are t o  be submitted t o  t h e  appropr i a t e  sub- 
group of t h e  WGER f o r  eva lua t ion  and s e l e c t i o n  f o r  recommendation t o  
NASA. A second source of funds i s  the Apollo Appl ica t ions  Program 
which involves  a l a r g e  number of e a r t h  o r b i t a l  missions and a lesser 
number of lunar  o r b i t a l  and luna r  sur face  missions over t h e  next  f i v e  
t o  t e n  years .  Funds are p r e s e n t l y  a v a i l a b l e  f o r  s t u d i e s  lead ing  t o  
s p e c i f i c  experiments t h a t  can be ca r r i ed  ou t  as a p a r t  of t h e s e  m i s -  
s ions .  The type  of experiments des i red  are those  t h a t  w i l l  advance 
sc ience  o r  technology and which can be done more e f f i c i e n t l y  i n  space 
environment than  i n  simulated environment on Ear th .  The c o r e  group 
w i l l  exp lo re  these  two p o s s i b i l i t i e s .  

--- w c  - - - - - ' A  W U U L U  l i k e  to ad:! t o  the  prcgra-. There a r e  +,we pc"il-.Ip_ snr_lrrPg 

S t a t u s  of Manuscripts 

Mining on t h e  Moon, by C, W. Schul tz ,  w a s  publ ished i n  NEW SCIENTIST, 
J u l y  9 ,  1966, p. 33. 

Materials Tes t ing  Laboratory f o r  Operation on the Lunar Surface ,  an 
informal  r e p o r t  by Thomas C. Atchison, w a s  submitted t o  NASA i n  August. 

O b j c c t i - ~ e  and ?lethe6 ef Attact fer Bcre i r_? E x t r a t e r r e s t r i a l  R.esoi-irce 
U t i l i z a t i o n  Program, by Thomas C .  Atchison, and Scheduling of Research 
Tasks f o r  Bureau E x t r a t e r r e s t r i a l  Resource U t i l i z a t i o n  Program, by 
Lowell W. Gibbs, w e r e  p resented  a t  the  NASA review meeting a t  t he  Twin 
C i t i e s  November 30. 

Proposal  f o r  Continuing Bureau E x t r a t e r r e s t r i a l  Resource U t i l i z a t i o n  
Program, by the  c o r e  group, w a s  submitted t o  NASA i n  December. 
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Task title: 

Investigator: 
Location : 

Date begun : 

Per sonne 1 : 

Selection and sample collection of simulated lunar 
materials 
David E. Fogelson, Project Leader 
Twin Cities Mining Research Center 
Minneapolis-St. Paul, Minnesota 
September 1965 To be completed: Continuing 

David E. Fogelson, Supervisory Research Geophysicist 
Other Bureau personnel, as assigned 

PROGRESS REPORT 

Objective 

Select and obtain samples of rocks and minerals covering the range of 
materials likely to be found on the Moon. 

Progress During the Third Quarter 

As a result of an invitation from the program committee of the 1967 
Pacific Northwest Metals and Minerals Conference, T. C. Atchison and 
D. E. Fogelson prepared a paper describing the purpose and progress 
of this task for presentation at the Conference. The theme of the 
Conference, to be held in Portland, Oreg., April 19-21, is "Materials 
for Inner and Outer Space." 

At the Fifth Annual Meeting of the Working Group on Extraterrestrial 
Resources held at the Marshall Space Flight Center in Huntsville, Ala., 
Fogelson participated in the deliberations of the Environment and Re- 
sources Subgroup meeting chaired by Paul Lowman, Goddard Space Flight 
Center, Greenbeit, Mci. The Subgroup agreed that icizjm effort s h ~ u l d  
be placed on developing practical methods that can be used during lu- 
nar orbital or lunar surface missions for identifying and evaluating 
potential resources. While at Huntsville we made arrangements with 
Hoyt Weathers of Marshall's Space Sciences Laboratory for a joint field 
trip to collect additional samples of our simulated lunar rocks in 
Oregon this spring. 

At the University of Michigan Symposium on Astrogeology in Ann Arbor, 
Mich., Fogelson had the opportunity to discuss the Bureau's selection 
of simulated lunar materials with a number of geologists from univer- 
sities and other research organizations from all parts of the United 
States. 

Status of Manuscripts 

Selection and Collection of Simulated Lunar Materials, by David E. 
Fogelson, was presented at the NASA review meeting at the Twin Cities 
November 30. 

Simulated Materials for Lunar Mining Research, by Thomas C. Atchison 
and David E. Fogeison, was prepared and approved for presentation at 
the Pacific Northwest Metals and Minerals Conference, Portland, Oreg., 
April 19-21. 
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Task title: Physical properties of simulated lunar materials 
Investigator: Thomas C. Atchison, Senior Research Scientist 
Loc ac ion : Twin Cities Mining Research Center 

Minneapolis-St. Paul, Minnesota 
Date begun: October 1965 To be completed: Continuing 

- 

Personnel: All projects are participating 

PROGRESS REPORT 

Ob jec t ive 

To incorporate simulated lunar materials into basic fragmentation re- 
search currently in progress. By this means to determine the composi- 
tion, elastic, strength, surface, thermal, electrical, magnetic, and 
explosive shock properties of simulated lunar materials in Earth envir- 
onment 

Progress During the Third Quarter 

A number of property measurements were completed on the four rocks 
recently added t o  our simulated lunar materials. Density and porosity 
of the granodiorite, gabbro, and two additional vesicular basalts were 
determined by the Hydraulic Fragmentation group. An average pulse ve- 
locity was determined by the Rock Physics group. Uniaxial compressive 
and tensile strength, static Young's modulus, and Shore hardness were 
measured by the Mechanical Fragmentation group. Spheres of the rocks 
were prepared and added to the tests being carried out on all of the 
simulated lunar rocks to determine the effect of anisotropy on the 
strength and elastic properties. 

Dissipation factor measurements over a frequency range from 20 to 100 
megahertz were completed by the Thermal Fragmentation group on all of 
the rocks. Measurements of dielectric constant over the same fre- 
quency range were in progress and will be completed in the coming 
quarter. 

Chemical and petrographic analyses of most of the rocks were completed 
during the quarter. Drillability data on four of the rocks in Earth 
environment were obtained by the Mechanical Fragmentation group as 
part of the drilling in lunar environment tasks. Plans were made by 
the Explosive Fragmentation group for a field trip to Oregon during 
the coming quarter to obtain explosive cratering data in a number of 
the rocks. 

Preliminary studies of correlations among the different measured 
properties were made by the Thermal Fragmentation group as part of 
their analysis of data from tests on the effect of temperature on 
the modulus of rupture. Strength appears to correlate well with 
density when the rocks are separated into two groups, one including 
the surface volcanic rocks and the other the plutonic rocks. Further 
property correlation studies are in progress. 
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Table 1 g ives  pre l iminary  average values f o r  some of the  p r o p e r t i e s  on 
w h i c h  measurements had been completed by the  end of t he  qua r t e r .  

TABLE 1. - P r o p e r t i e s  of simulated lunar  rocks i n  Ea r th  environment 

Rock type 

Dunite 
Gabbro 
Flow b a s a l t  
G r  anod i o r  i t  e 
S e r p e n t i n i t e  
Ob s i d  i a n  
Rhyo 1 i t e  
Ves icu l a r  

Ve s icu  l a r  

Daci te  
Ve s icu  lar  

b a s a l t  #3 
Semiwelded 

t u f f  
Pumice 

b a s a l t  #l 

b a s a l t  # 2  

.pparent 
ens  i t y  
(q lcc)  

3.19 
3.11 
2.84 
2.58 
2.56 
2.39 
2.35 

2.25 

2.22 
1.98 

1 . 5 2  

1.15 
.76 

Apparent 
po ros i ty  
(percent)  

1 
<1 

2 
1 
3 
1 
8 

20 

24 
1 7  

46 

50 
6 2  

Pulse 
reioc i t y  
:m/sec) 

7,500 
7,100 
6,000 
3,600 
6,000 
5,600 
4,200 

3,800 

- - - - -  
4,500 

4,800 

2,500 
2,500 

Compressive 
s t r e n g t h  

( p s i )  

27,000 
30,000 
53', 000 

18,000 
65,000 

21,000 

22,000 

10 000 

5,500 
6,000 

5,600 

850 
1,500 

S t a t u s  of Manuscripts 

None i n  progress .  

l ens i le  
i i rengi i ,  
( p s i )  

2,000 
2,000 
3,400 

950 
800 

2,200 
1 y 200 

1,100 

590 
6 20 

810 

100 
240 

{ardne s s 
(Siroie 
u n i t s )  

73 
84 
8 4  
87 
68  

103 
79 

81  

67 
35 

80 

10 
5 

I 
I 
R 
I 
1 
I 
I 
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I 
1 
I 
8 
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Task t i t l e :  (1) Chemical r e a c t i v i t y  and cold welding of f r e s h l y  
formed su r faces  
(2)  Sur face  p r o p e r t i e s  of  rock i n  luna r  environment 

I n v e s t i g a t o r :  C l i f f o r d  W .  Schu l t z ,  P ro jec t  Leader 
Locat ion:  Twin C i t i e s  Mining Research Center 

Date begun: January 1966 To be completed: March 1Y6Y 
Minneapolis-St.  Paul ,  Minnesota 

Personnel :  C l i f f o r d  W .  Schu l t z ,  Research E x t r a c t i v e  M e t a l l u r g i s t  
W i l l i a m  H. Engelmann, Research Chemist 
Wallace W, Roepke, Physical  Science Technician 
Kenneth G. Pung, Physical  Science Technician 
Ernes t  Bukofzer, Engineering Technician 

PROGRESS RE PORT 

Ob iec t ive 

Measure the  equ i l ib r ium cons tan t s  for  t he  adsorp t ion  of gases  on the  
s u r f a c e s  of s i l i c a t e  minera ls .  Relate  t h i s  q u a n t i t y  t o  the  f r a c t i o n a l  
coverage necessary  t o  i n h i b i t  cold welding and determine the  ra te  a t  
which va r ious  o t h e r  processes  i n h i b i t  o r  p r o h i b i t  co ld  welding of vac- 
uum formed su r faces .  Extend c u r r e n t  experimental  s t u d i e s  of su r face  
p r o p e r t i e s  of rocks and minera ls  t o  include luna r  environment. 

Progress  During t.he Third Quarter  

The measurements of the  equ i l ib r ium cons tan t s  f o r  t he  adso rp t ion  of 
water vapor on s i l i c a t e  minera ls  were de fe r r ed  t o  the  f o u r t h  q u a r t e r .  
During the p a s t  q u a r t e r  components for a gas c e l l  f o r  t h e  i n f r a r e d  
spectrophotometer were purchased, assembled and i n s t a l l e d .  The I K  
spectrophotometer w i l l  be used f o r  gas a n a l y s i s  i n  p l ace  of t he  the r -  
m a l  conduc t iv i ty  c e l l  which w a s  found t o  be inadequate ,  C a l i b r a t i o n  
of  the I R  u n i t  i s  now i n  progress ,  

The Ultek Quadrapole mass spectrometer has been rece ived ,  checked, 
and accepted.  P r i o r  t o  acceptance of t he  u n i t ,  M r .  James Wolf of  
Ultek spent  two days here  checking the instrument  and i n s t r u c t i n g  
Messrs. Roepke, Engelmann and Pung in  i t s  maintenance and ope ra t ion ,  

The mass spectrometer  has been used f o r  t he  balance of the  q u a r t e r  on 
the  NRC oil-pumped system and the  Ultek ion-pumped system t o  s tudy  r e -  
s idua l  gases  under va r ious  opera t ing  condi t ions .  The hydrocarbon 
background i n  t h e  oil-pumped system was found t o  be so high t h a t  f u r t h e r  
ou tgass ing  s t u d i e s  on t h e  simulated lunar  s tandards  a r e  being done ex- 
c l u s i v e l y  i n  the  ion-pumped system. 

I n i t i a l  a t tempts  t o  s tudy  outgassing rates i n  t h e  ion-pumped system wi th  
an elastomer seal  (Viton) were deemed u n s a t i s f a c t o r y  because of the  un- 
u s u a l l y  high n i t r o g e n  background. Addit ional  t e s t s  have been run  us ing  
copper c rush  seals. Data from the  l a t t e r  t e s t s  showed an  improvement i n  
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system performance. F igures  1 and 2 show the  behavior of b a s a l t ,  and 
semiwelded t u f f  i n  the  system as compared wi th  the  empty system. The 
bakeout and pumpdown cyc le  i s  shown in f i g u r e  1. Although continuous 
pumping i s  used the  system p u l l s  down too  f a s t  t o  show the  p re s su re  
above the  5 x lom6 t o r r  range. 
a sudden decrease  i n  outgass ing  a s  the bakeout h e a t e r s  go o f f .  The 
ra te  of r i s e  curves  shown i n  f i g u r e  2 a r e  obta ined  by switching 0:: 

the  pump and observing the  p re s su re  r ise  i n  the  closed system. 
d a t a  confirm ear l ie r  i n d i c a t i o n s  from t h e  oil-pumped system. Tenta- 
t i v e l y  i t  may be s a i d  t h a t :  

The sharp break i n  the  curves i n d i c a t e  

These 

1. 

2. 

3 .  

4. 

The t u f f  wi th  i t s  higher surface area p r e s e n t s  a g r e a t e r  
t o t a l  gas  load t o  the  system. 

The t u f f ,  being extremely porous, approaches a s t a t e  of  
equ i l ib r ium with the  system dur ing  pumpdown. 

The b a s a l t  ou tgasses  very  slowly i n d i c a t i n g  t h a t  d i f f u s i o n  
i s  the  r a t e  c o n t r o l l i n g  mechanism. 

Both samples p r e f e r e n t i a l l y  adsorb water. This  i s  ind ica t ed  
by the  absence of water i n  the background s p e c t r a ,  except  
dur ing  per iods  of bakeout. 

I n  f u t u r e  tes ts ,  an a t tempt  w i l l  be made t o  avoid b o l t i n g  t h e  chamber 
each t i m e  by r e p l a c i n g  the copper sea l  wi th  indium. 
has a ve ry  low vapor p re s su re  and i s  s o f t e r  than  Viton. A cons iderable  
saving i n  time w i l l  be r e a l i z e d  i f  t h e  indium provides  a seal without  
b o l t i n g .  

This  material  

S t a t u s  of Manuscripts 

Chemical R e a c t i v i t y  and Cold Welding - Surface  P r o p e r t i e s ,  by C .  W. 
Schu l t z ,  w a s  p resented  a t  t he  NASA review meeting a t  the  Twin C i t i e s  
November 30. 
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FIGURE 1. - Pumpdown Rates for Basalt, Semiwelded 
Tuff, and an Empty Chamber. 
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FIGURE 2. - Rate of Fressure Rise for Basalt, Semiwelded Tuff, 
and the Empty Chamber. 
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Task title: 

Investigator: 
T , n r a t i n n -  

Date begun: 

Personnel: 

(1) Fracture and other failure mechanisms in lunar 
environment 
('2) Strength and elastic properties of rock in lunar 
environment 
John R. McWilliams, Project Leader 
Twin Cities Mining Research Center 
Minneapolis-St. Paul, Minnesota 
June 1966 To be completed: ,June 1969 

John R. McWilliams , Supervising Mining Research Engineer 
Robert J. Willard, Geologist 
Thomas R. Bur, Research Geophysicist 
Egons R .  Podnieks, Mechanical Research Engineer 
Richard E. Thill, Geophysicist 
Peter e .  Chamberlain, Geophysicist 
Kenneth E. Hjelmstad, Geologist 
Richard M. Brumley, Electronics Technician 

PROGRESS RE PORT 

Objective 

Extend current experimental studies of rock failure by such mechanisms 
as dislocation, twinning, and crack formation to include lunar environ- 
ment. Extend current measurements of static and dynamic elastic moduli 
and compressive and tensile strengths of rock to include lunar eniviron- 
ment. 

Progress During the Third Quarter 

The study of the effect of environment on the static and dynamic prop- 
erties of four rocks (basalt, dacite, granite, and limestone) continued 
on schedule. A major portion of the test matrix has been completed in- 
cluding Young's modulus, sonic velocity, point load tensile strength 
and uniaxial compressive strength measurements for all four rock types 
under the following environmental conditions: dry, 50 percent relative 
humidity, and 100 percent relative humidity, at room temperature at 
212'F. During the fourth quarter, the test matrix will be completed by 
extending the above measurements to include liquid nitrogen temperature 
and moderate vacuum, 

Preparations for measurements at lunar vacuum continued with modifica- 
tions and adaption of the Ultek ultrahigh vacuum system for use with 
our testing system. The major problems solved during the quarter were 
relocation of the sorption pumps, the design of the bellows-supported 
platens for in vacuo physical property tests, and the design of the 
supporting structure to move the chamber into and out of the testing 
machine . 

Status of Manuscripts 

Rock Failure Mechanisms - Strength and Elastic Properties, by J. R.  
McWilliams and R. J. Willard, was presented at the NASA review meet- 
ing at the Twin Cities November 3 0 ,  
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Task title: 

Investigator: 
Locat ion 2 

Date begun: 

Personnel: 

(1) Rock vaporization, melting, and thermal fracturing 
methods in vacuum 
(2) Thermophysical, strength, and elastic properties 
of rock at elevated and reduced temperatures in vacuum 
Robert L .  Marovelli, Project Leader 
Twin Cities Mining Research Center 
Minneapolis-St. Paul, Minnesota 
October 1966 To be completed: September 1968 

Robert L o  Marovelli, Supervising Mining Research Engineer 
Russell E, Griffin, Electronic Research Engineer 
Ta-Shen Chen, Mechanical Research Engineer 
Carl F. Wingquist, Physicist 
David P. Lindroth, Physicist 
Sam G. Demou, Physicist 
Daryl J. Jersak, Engineering Technician 
Walter G .  Krawza, Engineering Technician 

PROGRESS REPORT 

Objective 

Investigate the feasibility of extending current thermal fragmentation 
studies to lunar vacuum environment. Currently the thermophysical, 
strength, and elastic properties of rock at temperatures up to the 
melting point are being measured. Extend this work to the low temper- 
ature range of lunar environment. Investigate the feasibility of ex- 
tending these property measurements to lunar vacuum environment. 

Progress During the Third Quarter 

Studies of the effect of temperature on the strength of rock were con- 
tinued. Modulus of rupture (bending strength) data are being obtained 
on the complete suite of simulated lunar rocks over the lunar temper- 
ature range, Test specimens of 13 rock types were prepared and split 
with the University of Wisconsin personnel at Madison. Tests at -320°F 
and 75'F are in progress at Madison; tests at 75'F and 600'F are in 
progress at Minneapolis. 

A laboratory experiment is in progress to determine the effect of mois- 
ture and stress state on thermal spalling of rock. Heat flux and ex- 
posure time are being held constant. Quartzite, granite, and basalt 
are being spalled and compared: after an air dry, after a 30-day water 
soak, after a bake at 430°F in vacuum, after a bake at 600'F in air. 
Similarily treated specimens will be spalled while under mechanically 
induced stress. 

Dr. Chen completed a study of thermal spalling and left the Center to 
teach thermodynamics and heat transfer at the University of Missouri, 
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He remains available for part-time work. Chen performed an analysis 
based on (1) the uncoupled quasi-static theory and ( 2 )  the uncoupled 
theory of thermoelasticity. He used a stress point of view and worked 
with a semi-infinite body as a model. Experimental work showed dis- 
agreement between experimental and theoretical results. Chen con- 
c l ~ d e d  tha.+ t h e  thermal spalling phenomena cannot be satisfactorily 
explained solely from knowledge of the stress distribution. He rec- 
ommended that consideration of strain energy and the coupling of 
mechanical and thermal energy equations be tried next. 

Melting and thermal shock experiments on the simulated lunar rocks 
have been delayed by the late delivery of the thermal shock furnace. 
This equipment was finally received and installed during the quarter. 
All components, including the vacuum system providing a lo-' torr 
capability, have been checked out and are operating satisfactorily. 

Status of Manuscripts 

Thermal Fragmentation - Properties at High and Low Temperatures, by 
R, L .  Marovelli, was presented at the NASA review meeting at the Twin 
Cities November 30. 

The Effect of Low Temperatures on Some Physical Properties of Rock, 
by R. W. Heins and T. 0. Friz, was presented at the University of 
Texas/AIME Drilling and Rock Mechanics Conference in Austin, Texas 
on January 26. 

Flexural Strength of Rock from -320' to 1600°F, by R. L.  Marovelli 
and A. Hendrickson, is under preparation as a journal article and a 
Bureau of Mines Report of Investigations 
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Task title: 

Investigator: 
Locat ion: 

Date begun: 

Personnel: 

(1) Cuttings removal in drilling in lunar environment 
(2) Cooling and lubricating bits in drilling in iunar 
environment 
James Paone, Project Leader 
Twin Cities Mining Research Center 
Mi~lneapnl  is-St. Paul, Minnesota 
January 1967 To be completed: December 1969 

James Paone, Mining Methods Research Engineer 
Dick L. Madson, Mining Methods Research Engineer 
Robert L .  Schmidt, Mining Engineer 
Vacancy, Physicist 
Vacancy, Electronic Development Technician 
David A. Larson, Engineering Technician 

PROGRESS REPORT 

Objective 

Investigate various means of removing drill cuttings with and without 
flushing media in lunar environment. Investigate problems of heat re- 
moval and bit lubrication associated with drilling in lunar environment. 

Progress During the Third Quarter 

Laboratory drilling tests were begun using simulated lunar rocks. Flow 
basalt, vesicular basalt, rhyolite, and dacite were selected to repre- 
sent a range of physical properties. 

A sample of each material was drilled in atmosphere using four separate 
drilling methods, namely percussive, rotary with water flushing, rotary 
with air flushing, and rotary with no flushing media. The purpose of 
these tests is to establish standards of comparison for future drilling 
tests to be performed in a simulated lunar environment. Data recorded 
for each test include penetration rate, bit temperature, rpm, and power 
consumption. Because the percussive drill produces a hole larger than 
the rotary diamond drill (1-1/8-inch vs 1/2-inch), the energy per unit 
volume was determined for each system. Figure 1 compares rotary dia- 
mond core drilling with and without water flushing with the percussive 
core drilling method. Figure 2 shows the effect of increased thrust 
on bit temperature for percussive drilling and rotary drilling without 
water flushing. 

A preliminary analysis of the data indicates that in flood basalt the 
percussive system shows a higher power consumption per unit volume. 
The usefulness of the rotary system appears to be largely dependent on 
the life of the diamond bit. 

Tests are now underway to establish approximate bit life figures in the 
various simulated lunar materials. Preliminary experiments show that 
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i f  an e f f i c i e n t  method of c u t t i n g s  removal can be designed,  t h e  b i t  
l i f e  can  be g r e a t l y  increased.  

I n v e s t i g a t i o n  of experimental  techniques f o r  determining the  e f f e c t  
of u l t r a h i g h  vacuum on d r i l l i n g  parameters was begun. Vacuum chamber 
facilities a+ niJr Center w i l l  probably be s a t i s f a c t o r y  f o r  some ex- 
per imenta l  work. However, p a r t  of the requi red  tests are l i k e l y  t o  
c a l l  f o r  a somewhat l a r g e r  chamber and f a s t e r  pumping speed than  w e  
can provide.  We are explor ing wi th  Hoyt Weathers and S tan ley  F i e l d s  
a t  NASA's Marshal l  Space F l i g h t  Center,  H u n t s v i l l e ,  A l a . ,  t he  poss i -  
b i l i t y  of coopera t ive  experiments using t h e i r  r e c e n t l y  expanded vac- 
uum chamber f a c i l i t i e s .  

S t a t u s  of  Manuscripts 

Cu t t ings  Removal and B i t  Cooling i n  Lunar D r i l l i n g ,  by James Paone, 
was presented a t  t he  NASA review meeting a t  t he  Twin C i t i e s  November 
30. 
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Task t i t l e :  E f f e c t  of lunar  environment on behavior of f i n e  p a r t i c l e s  
I n v e s t i g a t o r :  David E .  Nicholson, P ro jec t  Leader 
Locat ion :  Spokane Mining Research Laboratory 

Spokane, Washington 
Date begun: Apr i l  1966 To be 

Personnel :  David E .  Nicholson, Mining Methods 
W i l l i a m  R.  Wayment, Mining Methods 
Dennis J. Kelsh, Physical  Chemist 
Daniel  J. Larson, Research Chemist 

completed: March 1969 

Research Engineer 
Research Engineer 

PROGRESS RE PORT 

Ob ject  i v e  

Extend c u r r e n t  s t u d i e s  of f i n e  p a r t i c l e  behavior i n  mine b a c k f i l l  ap- 
p l i c a t i o n s  t o  inc lude  lunar  environment, Measure such p r o p e r t i e s  as 
d e n s i t y  of packing, repose o r  f r i c t i o n  ang le s ,  and ra tes  of flow 
through o r i f i c e s  o r  channels .  This  work w i l l  be c o r r e l a t e d  wi th  the  
s tudy of e l e c t r o s t a t i c  p r o p e r t i e s  of g ranu la r  p a r t i c l e s  being con- 
ducted a t  College Park,  Md. 

Progress  During the  Third Quarter 

A course  i n  vacuum technology a t  the Un ive r s i ty  of C a l i f o r n i a  i n  Los 
Angeles w a s  a t tended  dur ing  the  quar te r  t o  a s s i s t  p r o j e c t  personnel  
i n  dec id ing  t h e i r  b e s t  approach t o  lunar  vacuum s imula t ion .  A memor- 
andum-report d e t a i l i n g  va r ious  aspec ts  of t he  course  as they  a f f e c t  
vacuum t e s t i n g  of f i n e  p a r t i c l e s  was prepared and submitted t o  the  
core  group a t  the  Twin C i t i e s  Center,  I t  now appears  u n l i k e l y  t h a t  
we w i l l  a t tempt  t o  o b t a i n  lunar  vacuum s imula t ion  f a c i l i t i e s  here  a t  
Spokane under the present  funding l i m i t a t i o n s  of the  program. The 
a l t e r n a t i v e  of having the  t e s t s  t h a t  we need t o  make i n  luna r  vacuum 
performed elsewhere w i l l  be pursued. 

The movement of p r o j e c t  equipment from t h e  phys ica l  chemistry labora-  
t o r y  a t  Gonzaga Un ive r s i ty  was completed and a l l  equipment w a s  in -  
s t a l l e d  and i s  now ope ra t ing  i n  our new l abora to ry  space,  A s e r i e s  
of h o r i z o n t a l  c a p i l l a r i t y  t e s t s  were completed, and v e r t i c a l  c a p i l l a r -  
i t y ,  permeabi l i ty ,  and sedimentation volume t e s t s  were i n  progress ,  on 
the  s i zed  s i l i c a  f r a c t i o n s .  

A f u l l - t i m e  research  chemist joined the  s t a f f  of our l abora to ry  a t  the  
end of February r ep lac ing  our par t - t ime u n i v e r s i t y  s tuden t  chemist .  
He i s  scheduled t o  work p r imar i ly  on the  f i n e  p a r t i c l e s  p r o j e c t ,  so 
t h a t  proper ty  measurement work should a c c e l e r a t e  s i g n i f i c a n t l y  i n  the  
f u t u r e  a 

S t a t u s  of Manuscripts 

Behavior of Fine P a r t i c l e s ,  by David E .  Nicholson, w a s  presented a t  
t h e  NASA review meeting a t  t he  Twin C i t i e s  November 30, 
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Task t i t l e :  
Inves t  i g a t o r  : 
Locat ion:  

Date begun: 

Personnel :  

Support f o r  underground lunar  s h e l t e r  
E rnes t  L.  Corp, P ro jec t  Leader 
Spokane Mining Research L,aboratory 
Spokane, Washington 
Apr i l  1966 To be completed: March 1969 

Ernes t  L .  Corp, Mining Methods Research Engineer 
Robert C, Bates ,  Mining Methods Research Engineer 

PROGRESS RE PORT 

Ob j ec t i v e  

The u l t i m a t e  o b j e c t i v e  of t h i s  p ro jec t  i s  t o  advance t h e  ground sup- 
p o r t  technology needed t o  c a r r y  on e x t r a t e r r e s t r i a l  mining i n  support  
of space missions.  The immediate ob jec t ives  a re :  (1) To de f ine  the  
problems which w i l l  be encountered in  des igning  a luna r  ground support  
o r  environmental  s h e l t e r  system; (2)  t o  i n v e s t i g a t e  p o s s i b l e  materials 
(indigenous and t r anspor t ed )  which can f u l f i l l  t h e  requirements f o r  
u t i l i z a t i o n  i n  a support  o r  environmental s h e l t e r  system; (3 )  t o  formu- 
l a t e  des ign  concepts f o r  support  systems u t i l i z i n g  the  most favorable  
m a t e r i a l s ,  

Progress  During the  Third Quarter 

The background s tudy on t h e  physical  and environmental  c h a r a c t e r i s t i c s  
of t h e  lunar  su r face ,  and on s u i t a b l e  ground support  m a t e r i a l s  has 
cont inued on a f u l l - t i m e  b a s i s  during t h e  q u a r t e r .  This  background 
s tudy has revealed a number of ma te r i a l s  and techniques  which might be 
adaptab le  t o  lunar  s h e l t e r  cons t ruc t ion .  

The ma jo r i ty  of r e sea rch  i n  t h e  a rea  of aerospace s t r u c t u r e s  has  been 
done on  the  expandable, s e l f - r i g i d i z i n g  type of s t r u c t u r e .  Typical  
m a t e r i a l s  used i n  these  s t r u c t u r e s  a re  i n f l a t a b l e  f a b r i c s  made of 
f i b e r g l a s s  o r  va r ious  p l a s t i c s ,  which are r i g i d i z e d  by the  dehydrat ion 
of g e l a t i n  s o l u t i o n s  o r  by any one of numerous foaming r e a c t i o n s ,  A l -  
though these  materials and cons t ruc t ion  techniques can  o f f e r  r e a l i s t i c  
and immediate s o l u t i o n s  t o  t h e  problem of lunar  s h e l t e r  des ign  ( sur face  
o r  underground),  t hese  s o l u t i o n s  should be considered only temporary as 
f a r  as the  e x t r a t e r r e s t r i a l  mining program i s  concerned, F i r s t  of a l l ,  
t he  use  of such s t r u c t u r e s  a s  a s o l e  source of s h e l t e r  on o r  near the  
lunar  su r face  w i l l  no t  provide the  degree of r a d i a t i o n  o r  me teo r i t e  
p r o t e c t i o n  requi red  f o r  permanent inhabi tance.  Secondly,  i f  t hese  
s t r u c t u r e s  were a t  a depth s u f f i c i e n t  t o  provide t h i s  p r o t e c t i o n ,  t he  
high c o s t  of t r a n s p o r t a t i o n  from Earth would no t  co inc ide  with the  
s e l f - s u f f i c i e n c y  goa l s  of t h e  mining r e sea rch  program. I n  a d d i t i o n ,  
ex tens ive  reskarch  a l r eady  underway by o t h e r  i n v e s t i g a t o r s  would make 
a d d i t i o n a l  c o n t r i b u t i o n s  from t h i s  p r o j e c t  i n s i g n i f i c a n t .  

For these  reasons ,  i t  i s  f e l t  t h a t  f u t u r e  e f f o r t s  should be concen- 
t r a t e d  on s h e l t e r  conscruc t ion  rechniques us ing  mater ia ls  be l ieved  t o  
be indigenous t o  t h e  lunar  sur face .  Such confinement of the  p r o j e c t ' s  
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o b j e c t i v e s  would e l imina te  any work on organic  m a t e r i a l s ,  and concent ra te  
a i l  r e sea rch  on the  va r ious  inorganic c o n s t r u c t i o n  m a t e r i a l s  which car! be 
der ived  from lunar  rocks and minerals .  

One example of such a m a t e r i a l  i s  sodium o r  potassium s i l i c a t e  found i n  
t h e  se rpen t ines ,  c h l o r i t e s ,  micas,  and z e o l i t e s ,  Sodium o r  potassium 
s i l i c a t e  i s  commonly produced by r e a c t i n g  s i l i c a  sand wi th  appropr i a t e  
a l k a l i e s ,  r e s u l t i n g  i n  a v iscous  l i q u i d  i n  s o l u t i o n  wi th  water. These 
s i l i c a t e s  might be produced as a byproduct i n  the  recovery o #  water from 
luna r  r o c k s .  The s i l i c a t e  s o l u t i o n  when subjec ted  t o  e i t h e r  h e a t  o r  vac- 
uum w i l l  produce a g l a s s - l i k e  foam with p r o p e r t i e s  s i m i l a r  t o  t h e  p l a s t i c  
foams. I f  the  foam i s  subjec ted  t o  a d d i t i o n a l  hea t ing  i t  w i l l  form fused 
g l a s s .  T h e  prope rc i e s  of  the  s i l i c a t e s ,  t h e r e f o r e ,  make them i d e a l  f o r  
producing foam m a t e r i a l s  f o r  l una r  s h e l t e r  cons t ruc t ion ,  o r  s e a l a n t s  f o r  
n a t u r a l  and excavated underground openings. A s  d i scussed  i n  l a s t  quar- 
t e r ' s  s t a t u s  r e p o r t ,  one of t h e  main cons ide ra t ions  i n  us ing  an under- 
ground opening f o r  l i f e  support  i s  to  have a s u i t a b l e  s e a l a n t  f o r  main- 
tainiclg the  requi red  i n t e r n a l  p r e s s u r i z a t i o n .  I n  most c a s e s  the  problem 
of providing a c t u a l  ground support  w i l l  be o n l y  a secondary cons ide ra t ion .  
Therefore ,  t he  development of a sealant.  m a t e r i a l  appl ied  by a spray-on 
technique i n  a low-pressure environment would be a s i g n i f i c a n t  con t r ibu -  
t i o n  t o  luna r  underground s h e l t e r  technology. 

I n  a d d i t i o n  t o  the  s i l i c a t e s ,  s u l f u r  may a l s o  be an  indigenous material 
s u i t a b l e  f o r  l una r  c o n s t r u c t i o n ,  Besides i t s  a d a p t a b i l i t y  t o  foaming, 
i t  could a l s o  serve  as a s e a l a n t  o r  a cementing mat r ix  f o r  some e a s i l y  
obta ined  lunar  aggregate .  

A t h i r d  technique worthy of cons ide ra t ion  f o r  s e a l i n g  su r faces  of under- 
ground openings i s  a plasma gun, Using t h i s  technique ,  t h e  su r face  of 
t h e  opening can e i t h e r  be fused i n  place o r  va r ious  materiais can be in -  
troduced t o  produce a plasma spray coa t ing .  

I n  February the  p r o j e c t  l eade r  made a v i s i t  t o  Southwest Research In -  
s t i t u t e  i n  San Antonio, Tex. Southwest personnel  are c u r r e n t l y  con- 
duc t ing  p r o j c c t s  on both sodium s i l i c a t e  and s u l f u r  as cons t ruc t ion  
m a t e r i a l s  f o r  a v a r i e t y  of a p p l i c a t i o n s .  During t h i s  v i s i t ,  a demon- 
s t r a t i o n  w a s  given co show the  production of sodium s i l i c a t e  foam by 
sub jec t ing  t h e  s o l u t i o n  t o  e i t h e r  a vacuum or a micro-wave hea t ing  
source.  Sus ta ined  exposure of t he  foam t o  micro-wave hea t ing  r e s u l t e d  
i n  the  product ion of fused s i l i c a .  The high e f f i c i e n c y  and extreme 
v e r s a c i l i t y  of a micro-wave hea t ing  u n i t  makes it  a worthwhile consid-  
e r a t i o n  where hea t  i s  requi red  f o r  producing o r  cu r ing  a lunar  cons t ruc-  
t ion  material  

Also i n  February,  t he  p r o j e c t  l eader  took a f ive-day  course i n  vacuum 
technologyat t he  Un ive r s i ty  of Ca l i fo rn ia  i n  Los Angeles. A memorandum- 
r e p o r t  desc r ib ing  the  h i g h l i g h t s  of the  course and i t s  e f f e c t  on p r o j e c t  
goa l s  was sen t  t o  the  core  group a t  t h e  Twin C i t i e s  Center .  The complex- 
i t y  and high c o s t  of vacuum o r  space s imula t ion  t e s t i n g  has produced some 
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skep t i c i sm on the  p a r t  of p r o j e c t  personnel a s  t o  whether the  c u r r e n t  
p r o j e c t  scope w i i i  warrant  work iri h igh  vacwm t e s t i n g .  Since t h i s  
mat te r  must be given f u r t h e r  cons idera t ion ,  p lans  f o r  purchase of a 
vacuum chamber w i l l  be de l e t ed  from the c u r r e n t  f i s c a l  year  work p l ans .  

S t a t u s  o f  Manuscripts 

Support  f o r  Underground Lunar S h e l t e r ,  by Ernes t  L. Gorp, w a s  pre-  
sented a t  t he  NASA review meeting a t  t h e  Twin Ci t ies  November 30. 
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Task t i t l e :  

I n v e s t i g a t o r :  
Locat ion:  

Date begun: 

Personnel :: 

(1) E f f e c t  of vacuum on explos ive  p r o p e r t i e s  
( 2 )  E f f e c t  of iilicrometemoid bombardment or? explos ives  
(3) Explosive b l a s t  e f f e c t s  i n  lunar  environment 
Frank C .  Gibson, P ro jec t  Coordinator ,  Explosives  Physics  
Explosives  Research Center 
P i t t s b u r g h )  Pennsylvania 
J u l y  1966 To b e  completed: June 1969 

Frank C. Gibson, Supervisory Research P h y s i c i s t  
Richard W. Watson, Research P h y s i c i s t  
J. Edmund Hay, Research P h y s i c i s t  
Samuel R. Harris, Research Chemist 
Charles  R .  Summers, Research P h y s i c i s t  
W i l l i a m  F. Donaldson, Research P h y s i c i s t  
Elva M. Guas t in i ,  Explosives Equipment Operator 

PROGRESS REPORT 

Object ive 

To develop a body of knowledge re levant  t o  the  use  of chemical high 
exp los ives  under lunar  environment. Immediate goa l s  are t o  determine 
t h e  hazards  a s soc ia t ed  wi th  t h e  s to rage ,  handl ing)  and use of explo- 
s i v e s  i n  an  environment charac te r ized  by high vacuum, extreme temp- 
e r a t u r e  cyc l ing  and a f l u x  of s m a l l  hyperve loc i ty  p a r t i c h e s ,  and t o  
e s t a b l i s h  techniques f o r  minimizing these  hazards ,  

Progress  During the  Third Quarter 

The i n v e s t i g a t i o n  of the  e f f e c t  o f  a moderate vacuum on the  r e l a t i v e  
s e n s i t i v i t y  of two granular  explos ives  a t  ambient temperature w a s  com- 
p l e t e d .  Both t e t r y l  and RDX a t  a packing d e n s i t y  of about one g/cm3 
were subjec ted  t o  modified card-gap t e s t  eva lua t ions ;  t h i s  method w a s  
chosen s i n c e  the  pre l iminary  experiments t h a t  were conducted t o  de- 
termine t h e  changes i n  s e n s i t i v i t y  by measurement of  f a i l u r e  diameters  
i n  con ica l  charges  w e r e  no t  completely s a t i s f a c t o r y .  The continuous 
de tona t ion -ve loc i ty  probe system which i s  s u c c e s s f u l l y  employed a t  
ambient p re s su res  t o  determine ve loc i ty  decay and de tona t ion  c u t o f f  
produced anomalous r e s u l t s  when used i n  a vacuum. The Bruceton up- 
and-down method w a s  used t o  determine an e s t ima te  of t he  mean gap 
l eng th ,  i . e . ,  t he  length  of t he  p l a s t i c  b a r r i e r  used t o  a t t e n u a t e  
the  shock de l ive red  by an explos ive  donor,  f o r  50 percent  f a i l u r e s  
a f t e r  some pre l iminary  experiments had been used t o  determine the  ap- 
p r o p r i a t e  ins t rumenta t ion  and t h e  approximate gap va lue .  The charge 
arrangement i l l u s t r a t e d  i n  f i g u r e  1 w a s  employed. 

The explos ive  w a s  contained i n  l / l g - i n c h  walled p l a s t i c  c y l i n d e r s )  
one inch i n  diameter and f i v e  inches long; t he  w a l l s  were pe r fo ra t ed  
and l i ned  wi th  paper t o  improve the  conductance t o  gas flow. Each 
charge used an expendable r e s i s t i v e  p re s su re  gage as a r e a c t i o n  i n -  
d i c a t o r ,  The gage was decoupled from the  exp los ives  column by a 
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brass shock-buffer  p l a t e  t o  reduce the p r e s s u p ,  FncideEt on the  ga t e  
t o  an i n t e r p r e t a b l e  l e v e l ;  ionizacion probes f o r  o sc i l l o scope  and 
counter-chronograph de termina t ions  of incremental  v e l o c i t i e s  were in-  
s t a l l e d ,  The a t t e n u a t o r  passed through a rubber s topper  t h a t  formed 
one end-sea l  f o r  t he  tubular  vacuum chamber, the  o the r  end being s e a l -  
e d  w i th  a s imilar  s topper  chrough which the w i r e  l eads  extended, A 
nozzle was a t tached  to :he s i d e  of the cy l ipde r  f o r  evacuat ion .  

I n  mosc cases  the f u l l  assembly w a s  used both a t  ambient and reduced 
p res su res ;  however, i n  a l l  ca ses  the  a t t enua to r / s toppe r  arrangement 
was employed t o  compensate f o r  poss ib le  e f f e c t s  of  t h e  rubber sur -  
round on the  a t t e n u a t o r .  The performance of the detonator-explosive 
boos te r  assembly i s  not  a f f e c t e d  s ince  these  components a r e  a t  atmos- 
phe r i c  p re s su re  i n  both cases ,  

Recognizing the p o s s i b i l i t y  of ambiguous i n t e r p r e t a t i o n  of t h e  e l e c -  
t r o n i c  records ,  s i x  framing camera shots  were made to confirm the  r e -  
s u l t s ;  t h ree  each were made on t e t r y l  and RDX, two ar atmospheric pres -  
su re  and one i n  vacuum, 

I n  both t h e  instrumented and photographic t r i a l s  a vacuum of about 10 
microns w a s  employed, The de tona t ion  induct ion  de lay  t i m e  and d i s t a n c e  
i n t o  the  charge a t  which a s t a b l e  r a t e  r e s u l t e d  were approximated from 
the  probe records  and from the  pos i t i on  of l a t e r a l  breakout  of t he  de t -  
ona t ion  products  i n  the  framing camera r eco rds ,  

The a n a l y s i s  of t he  framing r eco rds ,  which a r e  i n  agreement with the  
instrumented card-gap t e s t  r e s u l t s ,  shows a b a s i c  d i f f e r e n c e  between 
the  two explos ives  as fol lows:  

Mate r i a l  Te t ry l  RDX 

= 1,1 g/cm3 
P O  

= 1,0 g/cm3 Dens i t y  

Pres  s u r e  Ambient Vacuum Amb i e n t  Vacuum 

P O  

d (cm> 5,8 5.8 2 . 2 2  1 ,44  
- 
v (mm/psec> 2,o 1.6 2 . 8  1 .4  

7 i s  a measure of the  time t o  r eac t ion ,  d i s  the d i s t a n c e  i n t o  t h e  
charge from the  ba r r i e r - exp los ive  i n t e r f a c e  t o  the  breakout of d e t -  
ona t ion ,  and 7 i s  the average v e l o c i t y  of the  i n i t i a l  r e a c t i o n  wave. 

I n  a d d i t i o n ,  t h e r e  i s  a t rend ind ica t ing  t h a t  t h e  s h o r t  exposure t o  
vacuum has increased the induct ion  time which may r e f l e c t  a reduct ion  
i n  the  r e a c t i v i t y  of the  ma te r i a l .  While these  experiments a r e  con- 
ducted under cond i t ions  of marginal i n i t i a t i o n  and i n  charges  having 
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g r e a t  p o r o s i t y ,  i t  i s  poss ib l e  t h a t  long-time exposure of leaky en- 
capsula ted  chargss  i n  a lunar  env i romen t  may i n  t u r n  r e s u l t  i n  deg- 
r a d a t i o n  of explos ive  performance, The b a s i c  s e n s i t i v i t y  as d e t e r -  
mined from the card-gap a n a l y s i s  showed no s i g n i f i c a n t  change between 
the  ambient and evacuated charges of the  same material  bu t  the  order  
of s e n s i t i v i t y  of the  t e t r y l  and RDX are reversed with r e spec t  t o  sen- 
s i t i v i t y  a t  high leading  d e n s i t i e s ,  e , g , ,  l o b  gicm'. tiap va iues  f o r  
t e t r y l  a t  ambient and vacuum are 1,34 and 1.35 inches and f o r  RDX a t  
ambient and vacuum 0 ,95  and 0 ,94  inch, r e s p e c t i v e l y ,  The s m a l l  d i f -  
f e r ences  obse rved  f o r  Each explosive a r e  probably not  s i g n i f i c a n t ,  
These r e s u l t s  are based on the  "go-no go" propagat ion of de tona t ion  
i n  charges  having a length  t o  diameter r a t i o  of about f i v e .  A cur-  
r e n t  a t tempt  i s  being made to determine whether t h i s  t rend  w i l l  be 
continued i n  pressed charges of  a m i l i t a r y  explos ive  m a t e r i a l ,  HMX, 
which i s  a homologue of RDX t h a t  possesses  vacuum s t a b i l i t y  q u a l i t i e s  
n e a r e s t  t o  hexan i t ros t i l bene  (HNS), which i s  the candida te  explos ive  
f o r  space use ,  

I n  a d d i t i o n  t o  the  experiments on HMX, i t  i s  planned t o  s t a r t  temper- 
a t u r e  cyc l ing  boch f o r  the shoot ing program as w e l l  as i n  a c r y s t a l -  
lographic  a n a l y s i s  of s t r u c t u r a l  changes us ing  X-ray d i f f r a c t i o n  tech-  
niques t h a t  w i l l  include samples  of the HNS with varying amounts of 
the  t e f l o n  t h a t  i s  used as a b inde r .  P re sen t ly ,  the  candidate  compo- 
s i t i o n  f o r  lunar  use i s  a 90/10 mixture of HNS and t e f l o n ,  

S t a t u s  of Manuscripts 

Use of Explosives  on the  Moon, by Frank G o  Gibson and J. Edmund Hay, 
w a s  p resented  a t  the NASA review meeting a t  the  Twin C i t i e s  November 
30 
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r a sk  t i t  l e  : 
I n v e s t i g s r o r :  
Loca t ios :  

Date begun: 

.,. re i s"Li f ik1 :  

Volcanism and o r e  genesis  a s  r e l a t e d  t o  lunar  mining 
Rolland L o  Blake, P ro jec t  Coordinator 
Twin C,ities Metallurgy Research Center 
Minneapolis-St.  Paul ,  Minnesota 
dune 1966 To be completed: May 1967 

PRBGRE S S RE PORT 

Object ive 

Study t h e  genes is  of o r e  depos i t s  and the  occurrence of  minera ls  asso-  
c i a t e d  with volcanic  a c t i v i t y  here  on Ea r th .  Study t h e  e f f e c t s  of t he  
lunar  environment and o t h e r  environments on mine ra l i za t ion  and o r e  gen- 
e s i s ,  Bring toge ther  the p e r t i n e n t  information found i n  the  l i t e r a t u r e  
on these  s u b j e c t s  and de f ine  those s p e c i f i c  a reas  where a d d i t i o n a l  work 
i s  needed, 

Progress  During the  Third Quarter 

The l i t e r a t u r e  search  was continued on the  genes i s  of o r e  depos i t s  and 
minera l  a s s o c i a t i o n s  of vo lcanic  o r i g i n ,  Information i s  being c o l l e c t e d  
under the c a t e g o r i e s  ou t l ined  below t o  f a c i l i t a t e  p repa ra t ion  of a re- 
p o r t  summarizing the f ind ings ,  

Volcanic Minera l iza t ion  and Ore Genesis 

Ea r th  Volcanism 

Ext rus ive  rocks I n t r u s i v e  rocks 
Minerals  Ores 
Processes  A l t e r a t i o n  
Volcanic f e a t u r e s  and forms 

E x t r a t e r r e s E r i a l  Considerat ions 

Environmental e f f e c t s  
U t i l i z a t i o n  of rocks and minera ls  

During t h e  Cal i forn ia-Oregon f i e l d  t r i p ,  t h e  t a sk  o b j e c t i v e s  were d i s -  
cussed with s c i e n t i s t s  engaged i n  research on simulated lunar  materials.  
Dr, Jack Green of t h e  Douglas Advanced Research Labora to r i e s ,  Huntington 
Beach, C a l i f , ,  o f f e red  h i s  a s s i s t ance  t o  t h e  t a s k ,  H e  i s  an expe r t  on 
volcanic  c a l d e r a s ,  l a rge  depressions formed by co l l apse  of su r face  vol -  
can ic  rocks undermined by the outpouring of l a r g e  volumes of lava .  Dur- 
ing the  q u a r t e r ,  arrangements were completed t o  procure a r e p o r t  from 
D r ,  Green on c a l d e r a  mine ra l i za t ion ,  thereby  reducing the  amount of 
l i r e r a t u r e  t o  be reviewed by the task i n v e s t i g a t o r ,  The r e p o r t  w i l l  

I 
I 
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summarize c u r r e n t  p e r t i n e n t  l i t e r a t u r e  information on ca lde ras ,  espe- 
c i a l l y  t h a t  dea l ing  with o r i g i n  and occurrence of mineral  subl imates .  
It w i l l  include a b ib l iography and w i l l  cover such a spec t s  as processes  
ope ra t ing  t o  form c a l d e r a s ,  c a l d e r a  l o c a t i o n  wi th  r e s p e c t  t o  volcanic  
and t e c t o n i c  f e a t u r e s  of the  E a r t h e s  c r u s t ,  and ca lde ra  s i z e  ranges 
wi th  a few examples. D r .  Green may specu la t e  on the  e f f e c t  of t he  

c a l d e r a  m a t e r i a l  expected on the  lunar s u r f a c e ,  and on gaps i n  our  
knowledge of ca lde ras  and t h e i r  depos i t s  t h a t  suggest  areas r e q u i r i n g  
f u r t h e r  s tudy.  The r e p o r t  i s  t o  be submitted before  May 1, 1967. 

l----- AS.. : L L V I Y , . ~ . , C  rrrnmnnt ~ ) n  c a l d e r s  prncessen and products ,  on u t i l i z a t i o n  of 

S t a t u s  of Manuscripts 

Volcanism and Ore Genesis ,  by Rolland L.  Blake, was presented a t  the  
NASA review meeting a t  the  Twin C i t i e s  November 3 0 .  

Calderas  as Related t o  Lunar Explorat ion,  A Survey Report ,  by Jack 
Green, t o  be obtained from Douglas Advanced Research Labora tor ies  by 
May 1. 
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Task t i t l e :  (1) Reduction of s i l i c a t e s  wi th  carbon 

I n v e s t i g a t o r :  Sanaa E ,  Kha la fa l l a ,  P r o j e c t  Coordinator 
Locat ion:  

Date begun: June 1966 To be completed: May 1969 

(2)  Reduction of s i l i c a t e s  i n  plasma to rch  

Twin C i t i e s  Metallurgy Research Center 
Minneapolis-St,  Paul ,  Minnesota 

Personnel:  Sanaa E ,  Kha la fa l l a ,  Supervisory Research Chemist 
Lar ry  A. Haas, Research Chemist 

PROGRESS REPQRT 

- Object ive 

To o b t a i n  fundamental information on the  e f f e c t  of r e a c t i o n  parameters 
on the  carbothermic r educ t ion  of s i l i c a  a t  subatmospheric p re s su re .  
This  1 s  one phase of t h e  m u l t i d i s c i p l i n a r y  e f f o r t  to e x t r a c t  oxygen 
from poss ib l e  lunar  r a w  materials,  Also, tho f e a s i b i l i t y  of reducing 
s i l i c a t e s  with a c t i v a t e d  hydrogen in  a plasma t o r c h  w i l l  be s tud ied .  
Experiments are being sys t ema t i ca l ly  designed t o  c l e a r l y  d e l i n e a t e  
the  v a r i a b l e s  which would produce the optimum experimental  environ- 
ment f o r  ob ta in ing  the  h ighes t  y i e l d s  a t  the  lowest processing c o s t .  
The u l t i m a t e  t ang ib le  r e s u l t s  w i l l  c o n s i s t  of mechanis t ic  t h e o r i e s  
and k i n e t i c  equat ions  expressing the r e a c t i o n  ra te  as a func t ion  of 
temperature ,  p re s su re ,  r e a c t a n t s '  r a t i o  and p a r t i c l e  s i z e ,  

- Progress  During the Third Quarter 

Research has been d i r e c t e d  t o  obta in  a b a s e l i n e  which can be used as 
a re ference  i n  comparing the  e f f e c t s  of var ious  physicochemical v a r i -  
a b l e s  0x1 t h e  carbothermic reduct ion  of  s i l i c a ,  I n  the  preceding quar- 
ters ,  t h i s  s o l i d - s o l i d  r e a c t i o n  w a s  i nves t iga t ed  wi th  f i n e l y  divided 
r e a c t a n t s  of minus 400-mesh graphi te  and minus 200- p lus  270-mesh s i l -  
i c a .  With these  f i n e  p a r t i c l e s  i t  w a s  d i f f i c u l t  t o  r e t a i n  the  e n t i r e  
charge i n  the  r eac r ing  chamber a t  temperatures above 1,300°C, This  
was a t t r i b u t e d  t o  the  formation of CQ with  high evo lu t ion  flow rates 
which expel led some of the  unreacted sample, To avoid the  blowout 
problem, a t t e m p t s  were made t o  br ique t  t h e  loose  powders a t  50 tons  
per  square inch i n  one t r i a l  and t o  agglomerate the  powders wi th  2 
percent  aqueous dext rose  i n  another  t r i a l ,  Both methods were found 
unsuccessfu l  i n  e l imina r ing  the  sample blowout. This  problem w a s  
s u c c e s s f u l l y  resolved through the  use of l a r g e r  p a r t i c l e s  a long wi th  
a molybdenum b a f f l i n g  system f i t t e d  wi th  a qua r t z  wool f i l t e r .  

The immediate goal  of t he  work during the  p a s t  q u a r t e r  w a s  t o  inves-  
t i g a t e  t h e  e f f e c t  of temperature and r e a c t a n t s '  r a t i o  on the  s i l i c a  
reduct ion  ra te  with carbon, The dependence of t he  r a t e  on these  va r -  
i a b l e s  i s  of paramount importance in  e l u c i d a t i n g  the  r e a c t i o n  mechan- 
i s m .  The experimental  r e s u l t s  should a l s o  a i d  i n  p r e d i c t i n g  t h e  op- 
timum cond i t ions  f o r  e x t r a c t i o n  of oxygen from s i l i c a - b e a r i n g  m a t e -  
r i a l s  * 
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The temperature dependence of the  r eac t ion  r a t e  was determined with 
minus 80- p lus  120-mesh SiO, and minus 100- p l u s  200-mesh g r a p h i t e .  
The r educ t ion  r a t e  i s  approximately p ropor t iona l  t o  the  weight l o s s ,  
and w a s  ca l cu la t ed  from t h e  ma te r i a l  ba lances  of both s i l i c a  and ca r -  
bon, Comparison of t he  observed and c a l c u l a t e d  weight l o s s  i nd ica t ed  
a reasonable  agreement, as shown i n  t a b l e  1. The ca l cu la t ed  weight 
?sss ~ s , g  d ~ t ~ r ~ i ~ e ~  = s s = m i ~ u  the  nnly uacpniic nrndrjcts of r e a c t i o n  a r e  
60 and S i .  Support f o r  t h i s  assumption w a s  obtained from the  approxi-  
mate e q u a l i t y  of t h e  number of atoms of oxygen and carbon l o s t .  The 
fol lowing two r e a c t i o n s  are probable i n  vacuum and a t  temperatures  
above 1 , 3OOOC: 

0 5 - -  

According to equat ion  I ,  the  atomic r a t i o s  of oxygen t o  carbon i n  the  
gas  phase i s  two, while  according t o  equat ion  2 t h i s  ratl io i s  one. The 
r e s u l t s  i n  t a b l e  1 i n d i c a t e  t h a t  t h i s  r a t i o  i s  c l o s e r  t o  one a t  t he  high 
temperatures  and high s i l i c a  conten ts .  Deviat ions a t  t h e  low s i l i c a  o r  
high carbon r a t i o s  can  be a t t r i b u t e d  t o  the  carbon g a s i f i c a t i o n  through 
ox ida t ion  wi th  r e s i d u a l  furnace air .  This  w a s  t e n t a t i v e l y  v e r i f i e d  by 
d u p l i c a t i n g  two tes ts  a t  d i f f e r e n t  furnace leak  rates.  I n  t e s t  No. 1, 
t h e  l eak  w a s  more than th ree  t i m e s  l a r g e r  than i n  t e s t  No.  2 and accord- 
i ng ly ,  more weight w a s  l o s t  i n  the  former t e s t s ,  A blank t e s t  f o r  t he  
g a s i f i c a t i o n  of  carbon wi th  r e s idua l  oxygen ind ica t ed  a weight loss of 
0 ,14  percent  per  hour a t  1,400"C. Hopefully,  t he  a i r  leakage problem 
w i l l  be overcome through the  a c q u i s i t i o n  of a new vacuum furnace.  

Data f o r  t he  temperature e f f e c t  on the r e a c t i o n  ra te  are  given i n  t a b l e  
1. In subatmospheric conditirzns t h e  carbothermic reduct ion  of s i l i c a  
exhibits a sharp ra te  inc rease  above 1,4OO"C, as shown i n  f i g u r e  1. 

The dependence of r e a c t i o n  ra te  on the r e a c t a n t s '  molar r a t i o  w a s  a l s o  
determined. 
r e a c t i o n  appeared LO be s l i g h t l y  dependent on t h e  amount and depth of  
the  sample .  It w a s  a l s o  d i f f i c u l t  t o  vary  the  molar r a t i o  of t h e  re- 
a c t a n t s  without  a t  t he  same time changing the  volume o f  t he  charge.  
The r e s u l t s  of t e s t s  N o .  1 7  and 18 in  t a b l e  1 i n d i c a t e  t h a t  doubling 
t h e  q u a n t i t y  of each r e a c t a n t  almost doubles the  amount of oxygen ex- 
t r a c t e d .  The sample concen t r a t ion  p r o f i l e  of t e s t  NO. 18 a l s o  showed 
t h a t  more carbon w a s  u t i l i z e d  i n  the upper p o r t i o n s  of the  charge.  

It w a s  d i f f i c u l t  t o  c o r r e l a t e  t he  experimental  d a t a  as the  

I n v e s t i g a t i o n s  of t h e  dependence of t h e  r e a c t i o n  r a t e  on the  molar ra- 
t i o  of s i l i c a  t o  g raph i t e  i n  the  range of  0 , 5  t o  8 was c a r r i e d  ou t  by 
us ing  0.2 moles of s i l i c a  and va r i ab le  amounts of g raph i t e .  For molar 
r a t i o s  i n  the  range from 0.125 t o  2 ,  t h e  tes ts  were performed us ing  0 .2  
moles of g raph i t e  and v a r i a b l e  amounts of s i l i c a .  
oxygen ex t r ac t ed  i n  f i v e  hours aga ins t  t he  molar r a t i o  of s i l i c a  t o  
g raph i t e  shows a maximum r e a c t i o n  r a t e  a t  a molar r a t i o  of about four  
( f i g u r e  2 1 ,  When t h e  u n i t s  of the absc i s sa  of f i g u r e  2 were changed 

A p l o t  of the  percent  
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from molar r a t i o  t o  p a r t i c l e  r a t i o ,  the  maximum r e a c t i o n  r a t e  occurred 
when the  p a r t i c l e s  of s i l i c a  outnumbered those of g raph i t e  by a f a c t o r  
of about 18. The molar t o  p a r t i c l e  r a t i o  conversion was ca l cu la t ed  
through the  average p a r t i c l e  s i z e  and d e n s i t y  of each c o n s t i t u e n t .  

I n  t h e  next  q u a r t e r ,  t he  r e a c t a n t  p a r t i c l e  r a t i o  s t u d i e s  w i l l  be con- 

s i z e  of one of the  r e a c t a n t s  independently of t he  o t h e r .  Research on 
the  f e a s i b i l i t y  of reducing s i l i c a t e s  with a c t i v a t e d  hydrogen i n  a 
plasma torch  has been delayed due t o  loss of two p ro fes s iona l  employees. 

& ? - - - - >  mL. --*,.-.. ..,.r+:n 
L l l l U E U .  llle U t ) L L L L L U i T ;  yPLLL-12 r s t i c  w i l l  be ccnfirmed by ...arying t h e  

S t a t u s  of Manuscripts 

Reduction of S i l i c a t e s  with Carbon, by Lar ry  A ,  Haas and Sanaa E .  
Kha la fa l l a ,  w a s  presented a t  the  NASA review meeting a t  t he  Twin 
C i t i e s  November 30. 
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Task t i t l e :  Magnetic and e l e c t r o s t a t i c  p r o p e r t i e s  of minera ls  i n  

I n v e s t i g a t o r :  Fos t e r  F raas ,  P r o j e c t  Leader 
Loc a t  ion: 

Date begun: June 1966 To be completed: May 1969 

a vacuum 

College Park Metallurgy Research Center 
College Park,  Maryland 

Personnel :  Ray A ,  Heindl,  Supervisory Chemical Research Engineer 
Fos t e r  F raas ,  Research M e t a l l u r g i s t  

PR3GRESS REPORT 

Object ive 

Study adsorp t ion  and con tac t  e l e c t r i f i c a t i o n  i n  a vacuum and determine 
t h e i r  e f f e c t  on t h e  s e p a r a b i l i t y  of nonconducting minera ls .  

Progress  During the  'Third Quarter  

The o b j e c t i v e s  of research  during t h e  t h i r d  q u a r t e r  were t o  assemble 
equipment and conduct pre l iminary  measurements as t o  the  r e l a t i v e  ex- 
t e n t  of  i n t e r f e r i n g  and use fu l  e l e c t r i f i c a t i o n  e f f e c t s  f o r  p a r t i c l e  
s e p a r a t i o n  and p a r t i c l e  flow. 

Vibra t ing  e l e c t r i f i e r s  have been cons t ruc ted  and t e s t e d  f o r  v i b r a t i o n  
d r i v e  t r ansmi t t ed  by rods  through vacuum seals,  i n s t ead  of by the  usua l  
method of an e lec t romagnet ic  d r i v e  c lose  t o  the v i b r a t o r .  

P lans  were drawn f o r  t h e  cons t ruc t ion  of a feed through f o r  120 c y c l e s  
p e r  second v i b r a t i o n  t ransmiss ion  t o  t he  v i b r a t i n g  e l e c t r i f i e r ,  u s ing  
B stainless s tee l  b p , l l ~ s .  A f e e d  th rough  of t h i s  type could no t  be 
found on the  market. 

Although o r i g i n a l  p lans  were f o r  the i n i t i a l  use  of a pyrex b e l l  j a r ,  
t h i s  has been changed t o  s t a i n l e s s  s t e e l  t o  avoid permeation of atmos- 
pher ic  helium through the pyrex g l a s s .  

Progress  has been r e t a rded  not  only by t h e  de l ay  i n  equipment d e l i v e r y ,  
but a l s o  by the  n e c e s s i t y  f o r  considerable  des ign  and cons t ruc t ion  on 
t h e  vacuum equipment i t s e l f .  Instead of purchasing a complete vacuum 
u n i t ,  the pump, base p l a t e ,  b e l l  j a r ,  and h o i s t i n g  equipment were of 
n e c e s s i t y  purchased from d i f f e r e n t  manufacturers and r e q u i r e  a d d i t i o n a l  
c o n s t r u c t i o n  f o r  assembly. 

S t a t u s  of Manuscripts 

E l e c t r o s t a t i c  P r o p e r t i e s  i n  Vacuum, by Fos t e r  F raas ,  w a s  presented a t  
the  NASA review meeting a t  t h e  Twin C i t i e s  November 30,  
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Acid produced percent of control 
2 psia 14.7 psia 30 psia 

(control) 
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Task title: 
Investigator: 
Locat ion: 

Date begun: 

E s tab 1 ish the 

Biological production of sulfuric acid 
Joseph A. Sutton, Project Leader 
College Park Metallurgy Research Center 
College Park, Maryland 
June 1966 To be completed: May 1967 

%y p,. ~r.eindl ,  SiIpervfsnry Chemical Research Engineer 
Joseph A. Sutton, Research Chemist 
John D. Corrick, Research Chemist 
Jerry M. Carosella, Microbiologist 

PROGRESS REPORT 

Objective 

limiting environmental conditions for the survival of 
bacteria of the genus rhiobacillus. Determine the rate of sulfuric 
acid production within these limits. Conduct a literature survey 
and visit such laboratories as may be necessary to establish the 
state of the art in the use of bacteria in any stage of a life sup- 
port system in an extraterrestrial environment. 

Progress During the Third Quarter 

The objectives for the quarter were to continue the determination of 
the effect of temperature variations on microbial growth and acid 
production at different pressures. Any combination of temperature and 
pressure that shows promise will be investigated in more detail. 

The results obtained to date are summarized in tables 1 and 2. 

TABLE 1. - Effect of variations in temperature 
and pressure on acid production 

30 
25 
20 

50 
70 
80 

100 
100 
100 

100 
85 
35 

TABLE 2. - Effect of variations in temperature 
and pressure on cell reproduction 

33 



1 
i 
I 
I 
I 
U 
i 
I 

The r e s u l t s  obtained a t  20'C confirmed the  t rend  shown i n  previous ex- 
periments i n  t h a t  as the  temperature was lowered the  ac id  produced and 
c e l l  count per  m i l l i l i t e r  under p a r t i a l  vacuum approached the  c o n t r o l ,  
while  a t  a pressure  of 30 p s i a ,  t h e  oppos i te  e f f e c t  was observed. 

S t a t u s  of Manuscripts 

B io log ica l  Production of S u l f u r i c  Acid, by Joseph A. Sut ton ,  was pre-  
sented a t  the  NASA review meeting at the  Twin Cities November 30. 

34 



35 

Task t i t l e :  Electrowinning of oxygen from s i l i c a t e  rocks 
I n v e s t i g a t o r :  Donald G. Kesterke,  Pro jec t  Leader 
Loe a t  i o n  : Reno Metallurgy Research Center 

Date begun: June 1966 To be completed: May 1969 
Reno, Nevada 

D o r o ~ n n n l .  I C L  ""I.L.C.... . E. R&PF,  Jr-; Siipervisory Research M e t a l l u r g i s t  
Donald G.  Kesterke,  Research Ex t rac t ive  M e t a l l u r g i s t  
Freddy B. Holloway, Physical  Science Technician 

PROGRESS REPORT 

Ob iec t i v e  

To determine the f e a s i b i l i t y  of ob ta in ing  elemental  oxygen from s i l i -  
c a t e  minera ls  by e l e c t r o l y t i c  methods, f o r  use  by the  Ea r th  i n h a b i t a n t s  
of t he  Moon. Emphasis w i l l  be d i rec ted  toward the  determinat ion of e s -  
s e n t i a l  phys ica l  and electrochemical  p r o p e r t i e s  of s i l i c a t e  and s i l i c a t e -  
base mel t s  conta in ing  var ious  amounts of h a l i d e  s a l t s .  Complementary i n -  
v e s t i g a t i o n s  w i l l  be made t o  f i n d  s u i t a b l e  nonreac t ive  c r u c i b l e  and anode 
m a t e r i a l s  f o r  use i n  s i l i c a t e  mel t s ,  o r  i n  mel t s  conta in ing  ha l ides .  

Progress  During the Third Quarter 

I n  p a s t  work melt ing c h a r a c t e r i s t i c s  and r e l a t i v e  v i s c o s i t i e s  of var ious  
s i l i c a t e - b e a r i n g  minera ls  were determined. It was e s t ab l i shed  t h a t  f l ux -  
ing agents  a r e  necessary t o  lower the s o l i d u s  temperature and increase  
the  f l u i d i t y  of the  molten s i l i c a t e s .  During t h i s  qua r t e r  experiments 
were begun t o  determine whether t he  rock mixtures  p l u s  added f l u o r i d e  
have s u f f i c i e n t  conduc t iv i ty ,  a s  ind ica ted  by the  voltage-amperage rela- 
tionship!, tn be used as an e l e c t r o l y t e .  

Work was i n i t i a t e d  on two mixtures  of a b a s a l t  p lus  a pumice-like s i n t e r ;  
t he  f i r s t  contained 10 weight-percent L i F  and the  second 15 percent  a s  
f lux ing  agents .  The procedure cons is ted  of immersing two 3/8-inch d iam-  
e t e r  g raph i t e  e l e c t r o d e s ,  spaced 3 inches a p a r t ,  a f i xed  d i s t ance  i n t o  
the  m e l t ,  and applying d i r e c t  cu r ren t  from a regula ted  power source.  

It w a s  determined t h a t  both temperature and f l u o r i d e  con ten t  have a 
marked e f f e c t  on the  conduc t iv i ty  of t he  mel t s .  
m e l t  was very conductive.  The mixture conta in ing  10 weight-percent LiF 
requi red  an emf of more than 16 v o l t s  t o  achieve a c u r r e n t  s t r e n g t h  of 
6 amps a t  1 , 2 O O 0 C  and a t  1,3OO0C the same cu r ren t  requi red  about 9 v o l t s  
The mixture conta in ing  15 weight-percent LiF w a s  cons iderably  more con- 
duc t ive .  Under i d e n t i c a l  condi t ions ,  a c u r r e n t  of 6 amps required 8 
v o l t s  a t  1,200"C and only about 4 v o l t s  a t  1,300°C. 

A t  l , l O O ° C ,  n e i t h e r  

S i m i l a r  t e s t s  w i l l  be performed on the b a s a l t - p l u s - s i n t e r  mixture and 
o t h e r  s i l i c a t e  mixtures ,  using CaF, a s  the  f lux ing  agent.  



I 
I 
I 
I 
I 
I 

Dr. Benrie, the original investigator for this task, has assumed ad- 
ditional responsihilities as Research Director for the Center. Mr. 
Kesterke has taken over as investigator with Mr. Baker as his super- 
visor * 

Status of Manuscripts 

Electrowinning of Oxygen from Silicates, by Donald G o  Kesterke, was 
presented at rhe NASA review meeting at the Twin Cities November 30. 
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Task t i t l e :  

I n v e s t i g a t o r :  
Locat i on  : 

Date begun: 

Personne 1 : 

S t a b i l i t y  of hydrous s i 1  i c a t e s  and oxides  i n  luna r  
environment 
H a l  J. Kel ly ,  P r o j e c t  Coordinator 
Albany Metal lurgy Research Center 
Albany, Oregon 
Apr i l  1966 To be completed: March 1968 

H a l  2 Kel ly ,  Supervisory Ceramic Research Engineer 
Raymorld L. Carpenter ,  Research P h y s i c i s t  

W O G U S S  REPORT 

Ob jec t i v e  

The long-range o b j e c t i v e  is t h e  de te rmina t ion  of t h e  energy requirements  
f o r  d i s s o c i a t i n g  s i l i c a t e  and oxide minera ls  t o  recover  oxygen and/or 
water. The immediate o b 3 c ~ c i v e  i s  t o  i n v e s t i g a t e  the  s t a b i l i t y  under 
high vacuum and e l eva ted  temperature of some s i l i c a t e  and oxide minera ls  
employing d i f f e r e n t i a l  thermal ana lys i s  (DTA) and thermogravimetric an- 
a l y s i s  (TGA). 

- Progress  During the Third Quarter 
8 

The DTA equipment has been modified. 
It c o n s i s t s  of a heavy-walled c y l i n d r i c a l  n i c k e l  hea t  s h i e l d  wi th  a 
cover and base p l a t e ,  The base p l a r e  i s  supported by t h e  two alumina 
thermocouple i n s u l a t o r s  which con ta in  the thermocouples which measure 
the  temperatures  of t h e  sample  and re ference  ma te r i a l s .  The c y l i n d r i -  
c a l  h e a t  s h i e l d  s i t s  on t h i s  base.  Nickel c r u c i b l e s  with thermocouple 
w e l l s  i n  t h e i r  bases  a r e  set  i n  over the i n s u l a t o r s  so t h a t  t h e  beads 
of t h e  thermocouples are i n  con tac t  w i t h  t he  iiickk: criicfb?es.  

A new sample chamber has  been made. 

A t h ree -wi re  thermocouple hookup as descr ibed  by Wendlant, (J. Chem. 
Edu., v. 40,  No. 8, August 1963, p. 429) w a s  used, This  has  the  advan- 
tage t h a t  the  recorder  p l s t s  the  temperature of t h e  s tandard mater ia l  
r a t h e r  than  the  temperature i n  some area of the furnace removed from 
the  s tandard  as is  usually done.. 

The f i r s t  t e s t s  run  wi th  the  new setup w e r e  run i n  a i r  without  e r u c i -  
b l e s  on the thermocouples, These t e s t s  showed t h a t  the  b a s e l i n e  w a s  
s t a b l e  and d i d  not  d r i f t  from the  zero p o s i t i o n  by more than  2'C. Test 
runs  were a l s o  made on k a o l i n i t e  and quar tz  i n  a i r  and i n  vacuum. Sa t -  
i s f a c t o r y  curves were obtained f o r  these  m a t e r i a l s  a l though t h e r e  w a s  
more baseline d r i f t  i n  t he  vacuum runs than  on t h e  runs  i n  a i r .  

For k a o l i n i t e  run i n  vacuum the  endothermic peak, which i s  caused by 
the  loss  of water by t h e  c l a y ,  w a s  a t  565"C, which i s  50" lower than  
the  peak temperature f o r  t h i s  ma te r i a l  run i n  a i r .  The a r e a  under the  
curve w a s  smaller f o r  the  vacuum run than  f o r  t he  run i n  a i r .  The ex- 
othermic peak a t  970°C, which i s  due t o  a change i n  c r y s t a l  s t r u c t u r e ,  
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d i d  no t  show a s h i f t  i n  temperature ,  A recorder  has  been connected t o  
the  vic-uxn giuge so tha t  a record could be made of the pressure  changes 
r e s u l t i n g  from outgass ing .  The pressure  time curve f o r  k a o l i n i t e  in -  
d i c a t e s  t h a t  the  decomposition could be s t a r t i n g  as low as 275°C and 
t h a t  decomposition i s  e s s e n t i a l l y  over a t  the  t i m e  t he  endothermic peak 
i s  reached.  

Pre l iminary  c a l i b r a t i o n  runs were made on the  equipment i n  a i r  and i n  
vacuum, Boersma, ( J .  Am. Ceram. Soc,, v ,  38, N o ,  8 ,  1955, p. 283), 
s t a t e s  t h a t  the  a r e a  under the DTA curve i s  equal  t o  the  product  mass 
of t he  sample and t h e  hea t  of r e a c t i o n  d iv ided  by a hea t  t r a n s f e r  co- 
e f f i c i e n t .  This  t r a n s f e r  c o e f f i c i e n t  w i l l  be d i f f e r e n t  i n  a i r  and vac- 
uum. S ince  the  exothermic peak temperature of k a o l i n i t e  does no t  change 
due t o  vacuum, and s i n c e  the re  i s  no reason t o  be l i eve  the  energy of t he  
r e a c t i o n  would change because i t  i s  a change i n  c r y s t a l  s t r u c t u r e ,  i t  
w a s  used f o r  c a l i b r a t i o n  of the  vacuum DTA. This  w a s  done i n  the  follow- 
ing  way. F i r s t ,  two runs were made with CP CaC03 i n  a i r ,  This  ma te r i a l  
decomposes a t  a peak temperature of 985°C. 
were measured, The hea t  of r e a c t i o n  mul t ip l i ed  by the  mass of t he  s a m -  
p l e  w a s  divided by the  area, This  gave a c a l i b r a t i o n  f a c t o r  f o r  a i r  of 
2 ,21 c a l / u n i t  a r e a ,  Next, two runs weremade on meta-kaol in i te ;  t he  area 
under the  curve w a s  measured and the  energy t ransformat ion  ca l cu la t ed  
us ing  the  value of 2 . 2 1  c a l / u n i t  a rea .  The average va lue ,  39,O cal/gm, 
w a s  used t o  f i n d  the  c a l i b r a t i o n  f a c t o r  i n  vacuum. This  w a s  determined 
as 1 ,82  c a l / u n i t  a r e a ,  Checks of the c a l i b r a t i o n  f a c t o r  f o r  a i r  wi th  
k a o l i n i t e  and magnesite i n d i c a t e  t h a t  h e a t s  of r e a c t i o n  can be ca lcu-  
l a t e d  t o  about 10 o r  15 percent .  

The a reas  under the  curves 

The s tudy  of the  thermal decomposition of the  mica s e r i e s  of minera ls  
has been s t a r t e d  and w i l l  be continuous during t h e  next  qua r t e r .  

S t a t u s  of Manuscripts 

S t a b i l i t y  of S i l i c a t e s  and Oxides, by H a l  J. Kel ly ,  w a s  p resented  a t  
t he  NASA review meeting a t  the  Twin C i t i e s  November 30, 
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